Islet cell transplantation has limited effectiveness because of an instant blood-mediated inflammatory reaction (IBMIR) that occurs immediately after cell infusion and leads to dramatic b-cell death. In intraportal islet transplantation models using mouse and human islets, we demonstrated that a-1 antitrypsin (AAT; Prolastin-C), a serine protease inhibitor used for the treatment of AAT deficiency, inhibits IBMIR and cytokine-induced inflammation in islets. In mice, more diabetic recipients reached normoglycemia after intraportal islet transplantation when they were treated with AAT compared with mice treated with saline. AAT suppressed blood-mediated coagulation pathways by diminishing tissue factor production, reducing plasma thrombin-antithrombin complex levels and fibrinogen deposition on islet grafts, which correlated with less graft damage and apoptosis. AATtreated mice showed reduced serum tumor necrosis factor-a levels, decreased lymphocytic infiltration, and decreased nuclear factor (NF)-kB activation compared with controls. The potent anti-inflammatory effect of AAT is possibly mediated by suppression of c-Jun N-terminal kinase (JNK) phosphorylation. Blocking JNK activation failed to further reduce cytokineinduced apoptosis in b-cells. Taken together, AAT significantly improves islet graft survival after intraportal islet transplantation by mitigation of coagulation in IBMIR and suppression of cytokine-induced JNK and NF-kB activation. AAT-based therapy has the potential to improve graft survival in human islet transplantation and other cellular therapies on the horizon.
Allogeneic islet transplantation is a promising approach for treating patients with type 1 diabetes (T1D) (1) . Islet autotransplantation is used to avoid pancreatogenic diabetes in patients who undergo total pancreatectomy for chronic pancreatitis intractable to medical management (2) . In both situations, islet engraftment after transplantation is compromised, and b-cell death is problematic. Stresses induced during islet harvesting and posttransplantation (PT) may lead to up to 60% islet death within 2-3 days after transplantation (3, 4) . Many factors, including instant blood-mediated inflammatory reaction (IBMIR), proinflammatory cytokines, hypoxia, and nutritional deprivation, contribute to b-cell death. Strategies that maintain normal islet cell function and reduce cell death after transplantation would improve patient outcomes and have ready clinical applicability.
a-1 Antitrypsin (AAT) is a serine protease inhibitor that belongs to the serpin superfamily. It has a high concentration in serum and is available for clinical use as a purified human product (5) . AAT inhibits various enzymes, including neutrophil elastase, cathepsin G, proteinase 3, thrombin, trypsin, and chymotrypsin (6) . Patients with genetic deficiency of AAT have higher risks for emphysema from alveolar destruction (7) . Beside inhibition of elastase, AAT exerts anti-inflammatory effects via suppressing cytokine production, complement activation, and immune cell infiltration. AAT also functions as an antiapoptotic factor for endothelial cells and vascular smooth muscle cells (8, 9) . AAT has beneficial effects in the treatment of diabetes. AAT protects b-cells from apoptosis induced by proinflammatory cytokines and streptozotocin (10) . AAT injection in NOD mice reduces the intensity of insulitis, preserves b-cell mass, and prevents the onset of diabetes via modulating T regulatory cells (11, 12) . AAT also protects islets from graft failure and immune rejection in mouse transplantation models (13, 14) . Adding AAT into islet digestion medium improves porcine islet isolation by inhibiting trypsin activity during pancreas digestion (15) . AAT monotherapy prolongs allograft survival in mice by elevating vascular endothelial growth factor expression and promotion of islet revascularization (14) . Short-term treatment with AAT in the peritransplant period protects a marginal mass of monkey islet autografts from long-term, nonimmunological graft loss through effects on expression of transforming growth factor-b, nuclear factor (NF)-kB, and AKT (16) . Thus, the beneficial effects of AAT in the islet transplantation setting may be mediated by its antiapoptotic and anti-inflammatory properties and promotion of islet revascularization.
In many animal studies, islets are transplanted under the kidney capsule for easy analysis. In clinical practice, islets are transplanted into the liver by portal vein infusion. The major difference between these two methods is that in portal vein infusion, islets are directly exposed to blood after transplantation, which leads to IBMIR, a thrombotic/inflammatory reaction mediated by the innate immune system (17) (18) (19) . IBMIR involves activation of the coagulation cascade and the inflammatory pathway and eventually leads to clot formation and infiltration of leukocytes into the islets that cause islet destruction and failure of engraftment (20) . IBMIR is a significant factor in the damage to allogeneic, xenogeneic, and autologous islet transplants (18, 21) , which results in a prothrombotic state and secretion of proinflammatory factors such as tumor necrosis factor-a (TNF-a), interleukin (IL)-6, IL-8, and interferon-inducible protein-10 (18). IBMIR also happens after hepatocyte and mesenchymal stem cell transplantation (22, 23) . Therefore, IBMIR may represent a major hurdle for all cell therapies and is being targeted by NF-kB inhibitors or anticoagulants such as low-molecular-weight dextran sulfate (24, 25) . Furthermore, Hering et al. (26) showed that a TNF-a inhibitor, etanercept, in addition to prolonged heparin treatment, contributed to improved islet engraftment in their clinical trial on single-donor, marginal dose islet transplants in patients with T1D. Suppression of IBMIR may therefore contribute to a better outcome in islet transplantation (26) .
Although the protective effect of AAT in the kidney capsule islet transplantation model has been reported (13, 14, 16, 17, 27) , whether AAT protects intrahepatic islet grafts that mimic the clinical islet transplantation setting remains unknown. The focus of this study was to evaluate the effect of AAT on IBMIR-induced islet death and understand the molecular mechanisms of the anti-inflammatory effects of AAT.
RESEARCH DESIGN AND METHODS
The Medical University of South Carolina Animal Care and Use Committee approved all mouse experiments.
Mice
Male C57BL/6 and NOD-SCID mice at 7-8 weeks of age were purchased from The Jackson Laboratory (Bar Harbor, ME).
Mouse Islets Isolation, Diabetes Induction, and Islet Transplantation
Islets were isolated by collagenase digestion as described previously (28) . Diabetes was induced in mice by one injection of streptozotocin (225 mg/kg; Sigma-Aldrich). Mice were considered diabetic when nonfasting blood glucose .300 mg/dL for at least 2 consecutive days. For islet transplantation, 200-250 mouse or 500 human islets were infused in a total volume of 200 mL Hanks' balanced salt solution and 0.5% BSA into the recipient liver as previously described (29) . Mice with blood glucose levels ,200 mg/dL were considered normoglycemic.
In Vitro Miniature Tube Model for IBMIR
Miniaturized in vitro tube models were used as previously described (18, 25) . Briefly, mice blood was collected in heparin-lithium coated 1.5 mL Eppendorf tubes (Fisher Scientific). Islets were mixed with blood (500 islets/500 mL blood) in the presence or absence of AAT (0.5 mg/mL) in an incubator on a hematology mixer for 6 h. Supernatant samples were collected at 0, 15, and 60 min and at 3 and 6 h.
AAT Injection and Concentration in Serum
C57BL/6 mice were injected with AAT (2 mg/mouse, i.p.; Prolastin-C, Grifols) or saline every 2 (Q2D) or 3 days (Q3D) for a total of eight doses. Control mice received saline at the same schedule as the Q2D group. Serum concentrations of human AAT were determined before the last dose using a human AAT-specific ELISA kit (Abcam) according to the manufacturer's instructions. In the islet transplantation model, the first dose of AAT was given 1 day before islet transplantation.
Immunohistochemical Staining
Livers were harvested 6 h after transplantation. Sections of 5 mm at 100-mm intervals were incubated with anti-F4/80, anti-tissue factor (TF) (Abcam) and anti-insulin antibodies (Thermo Fisher Scientific) overnight at 4°C. For miniature tube assays, islets in blood were spun down, washed on a cell strainer with cold PBS, and subjected to frozen sections. Anti-phosphorylated c-Jun N-terminal kinase (p-JNK) (1:300; Cell Signaling) and anti-insulin antibodies were applied. A ZEISS AxioImager M2 microscope and Leica SP5 confocal microscope were used. Biotinylated goat antimouse fibrinogen antibody (Accurate Chemical & Scientific Corporation) was used to stain fibrin deposition (28) .
Neutrophil Infiltration
The Naphthol AS-D Chloroacetate (Specific Esterase) Kit (Sigma-Aldrich) was used to stain for polymorphonuclear cells according to the manufacturer's instructions.
Preparation of Nuclear Extract and Determination of NF-kB Activation
Liver tissues were collected 24 h after transplantation. A nuclear extraction kit, followed by a NF-kB (p65) transcription factor assay kit (Cayman), was used as described by the manufacturer. Protein concentrations were determined by Pierce BCA protein assay (Thermo Fisher Scientific).
Intravenous Glucose Tolerance Test
Recipient mice were fasted overnight and injected with glucose solution at 1 g/kg via tail vein. Blood glucose levels were measured at 0, 15, 30, 45, 60, 90, and 120 min after injection.
Measurements of Coagulation Factors and Plasma Cytokines
Serum thrombin-antithrombin (TAT), mouse TF (Abcam ELISA), and mouse TNF-a (RayBio ELISA) were measured according to the manufacturers' instructions.
Cytokine Treatment and Western Blot bTC3 cells were preincubated with AAT for 2 h before the addition of 100 units/mL IL-1b and 1,000 units/mL interferon-g (IFN-g). Human islets were treated with 50 units/mL TNF-a, 50 units/mL IL-1b, and 1,000 units/mL INF-g until cells were collected at indicated times. Proteins were analyzed by immunoblotting with antibodies against p-JNK and total JNK. Histone H3 was used as a loading control. This experiment was repeated five times. Western blots were further quantified using standard densitometric analysis with ImageJ software (National Institutes of Health). Briefly, the bands on the films were digitized on a flatbed photo scanner. Each band was manually selected, and the intensities were measured using the "gel analyzer" option in ImageJ software. The integrated band densities were analyzed using GraphPad Prism 6 (GraphPad Software, Inc., La Jolla, CA).
Statistical Analysis
Graft survival was plotted using StatView software, and differences were compared by a log-rank test. Data are expressed as mean 6 SD. Differences between groups were compared for statistical significance by ANOVA or Student t test. P , 0.05 denoted significance. 
RESULTS

Effect of AAT on Functional Outcome of Intrahepatic Islet Grafts
We first examined the protective effects of AAT in a syngeneic islet transplantation model in which a marginal mass of islets (n = 200-250) from C57BL/6 mice were infused into the liver of syngeneic diabetic recipients. At 60 days PT, only 2 of 18 mice (11%) in the control group reached normoglycemia compared with 4 of 12 (33%) in the AAT Q3D group (n = 12, P = 0.05 vs. control by logrank test) (Fig. 1A) and 11 of 19 (58%) in the AAT Q2D group (n = 19, P = 0.001 vs. control). In mice with normoglycemia, average days needed to reach normoglycemia was 54.5 6 0.5 in control, 21.8 6 8.1 in AAT Q3D, and 5.0 6 1.9 in AAT Q2D groups (Fig. 1B) . At 30 days PT, we performed intravenous glucose tolerance test (IVGTT) in AAT-treated mice and controls that were normoglycemic. Mice that received AAT treatment (Q2D) showed faster glucose clearance (Fig. 1C) and a significantly smaller area under the curve (AUC) after the glucose challenge compared with controls (Fig. 1C inset) . These data provided strong evidence that AAT treatment improved graft survival and function in the intrahepatic islet transplantation model. We measured trough serum AAT levels before the last AAT injection for the Q2D and Q3D regimens. A significantly higher plasma AAT level was observed in the Q2D group (3.52 6 0.515 mg/mL, n = 8) than in the Q3D group (2.03 6 0.103 mg/mL, n = 11) (Fig. 1D) .
Effects of AAT on Plasma C-Peptide and Islet Apoptosis
A rapid rise of plasma C-peptide levels is usually seen in patients with islet transplantation, likely the result of insulin release from damaged islet grafts caused by IBMIR. We found that in mice transplanted with 500 islets in the liver, the C-peptide level elevated 3 h PT and declined 6 h PT. AAT treatment significantly reduced the plasma C-peptide level 3 h PT compared with the control group ( Fig. 2A) . Furthermore, the AAT-treated mice had lower islet graft apoptosis as analyzed by TUNEL assay at 24 h PT compared with controls ( Fig. 2B and C) .
To confirm the protective effects of AAT on islets undergoing IBMIR, C-peptide levels were measured in vitro in a miniature tube model as previously described (18, 25) . Mouse islets were incubated with blood from the same strain for 6 h. C-peptide release was significantly elevated in the islets plus blood group compared with the islets plus medium group ( Supplementary Fig. 1 ), indicating the presence of IBMIR-induced damage in islets incubated with blood. Importantly, the presence of AAT significantly suppressed the acute release of C-peptide 3 h after incubation ( Supplementary Fig. 1A ).
Effect of AAT on Neutrophil and Macrophage Infiltration
One of the major characteristics of IBMIR after intraportal transplantation is the recruitment of neutrophils and macrophages to sites of islet engraftment (30) . To test our hypothesis that AAT protects islet grafts from IBMIR, livers of recipients were collected 6 h PT for histological analysis. We observed a substantial neutrophil infiltration in livers from control animals, which was consistent with previous reports of a similar assay (28) . In contrast, treatment with AAT significantly reduced neutrophil infiltration into islets compared with controls ( Fig.  3A and B) . Similarly, fewer macrophages (F4/80 + cells) were seen at the site of islet grafts in AAT-treated mice compared with those from controls (Fig. 3C) . Overall, AAT treatment inhibited neutrophil and macrophage infiltration in transplanted islets.
We further measured serum TNF-a in mice treated with AAT or vehicle. The level of serum TNF-a was not detected in mice before the transplantation, whereas a significant rise of TNF-a was observed in the control animals 6 h PT. Administration of AAT significantly decreased the serum TNF-a level (Fig. 3D) .
AAT Alters TF Expression, Plasma TAT Levels, and Fibrin Deposition TF expressed on islets is considered the trigger for IBMIR. To determine whether AAT inhibits IBMIR through the suppression of TF, immunofluorescent staining was performed to analyze the expression of TF by islet grafts after transplantation. At 6 h PT, a dramatic expression of TF was observed in control grafts. In contrast, AAT administration significantly repressed expression of TF by islets, as indicated by immunohistochemistry and the relative intensity calculated by dividing the intensity of insulin staining (Fig. 4A and B) .
TAT is a sensitive indicator for the activation of blood coagulation. To test for the effect of AAT on the thrombotic reaction in IBMIR, plasma TAT levels were monitored. AAT treatment effectively suppressed the elevated plasma TAT level observed in the control group within 6 h PT (Fig. 4C ). In the in vitro miniature tube model, TAT was not detected in islets incubated with medium but was markedly elevated in islets incubated with blood. In contrast, AAT effectively blocked this elevation of TAT (Supplementary Fig. 1B) . We also measured the generation of fibrinogen deposition, which is normally caused by the activation of thrombin and is detrimental to islet grafts. As shown by immunohistochemistry, an apparent decrease of fibrin staining was observed in islet grafts from the AAT group compared with grafts from the control group 6 h PT (Fig. 4D) . These data further confirmed the antithrombotic effect of AAT in IBMIR.
Cytokine-Induced JNK Phosphorylation In Vitro in bTC3 Cells IBMIR produces systemic and local proinflammatory cytokine cascades. Proinflammatory cytokines induce pancreatic b-cell death via JNK phosphorylation and NF-kB activation (20, 31) . Whether AAT has an effect on the JNK pathway is not currently known. Transcriptional profiles of islet grafts and surrounding liver tissues from control and AAT-treated mice revealed a significant downregulation of the mRNA level of Jun, the substrate of JNK, by AAT treatment. Western blot analysis revealed that AAT significantly suppressed JNK phosphorylation in bTC3 cells 15 and 30 min after cytokine stimulation ( Fig. 5A and B) . By measuring cell death, we found that AAT treatment suppressed cytokine-induced b-cell death in a dose-dependent manner, an effect comparable to that of the JNK inhibitor SP600125 (Fig. 5C) . Moreover, the addition of SP600125 failed in further reducing the AAT-suppressed cell death, implying the possibility that the potent antiinflammatory effect of AAT is mediated by suppression of JNK phosphorylation.
AAT Attenuates NF-kB Activation in Liver Tissue and in bTC3 Cells
Activation of NF-kB was studied in liver tissues harvested 24 h PT. A significant suppression of NF-kB activation (p65 nuclear translocation) was observed in livers of mice treated with AAT compared with the control (Fig.  5D ), indicating that AAT attenuated the NF-kB activation triggered by IBMIR. Consistent with this, we observed that AAT treatment prevented cytokine-induced inhibitor of kB-a (IkBa) degradation, indicating that NF-kB activation was also suppressed by AAT treatment on bTC3 cells (Fig. 5E) . These experiments show that AAT protects b-cells from cytokine-induced apoptosis by suppression of JNK phosphorylation and NF-kB activation. 
AAT Protects Human Islet Grafts Transplanted Into Diabetic NOD-SCID Mice Livers
Because there are major differences between mouse and human islets (32, 33) , testing the effects of AAT on human islets in IBMIR is necessary to confirm the potential clinical relevance of this drug. To this end, a marginal mass of human islets were infused into diabetic NOD-SCID mice livers in the presence or absence of one injection of AAT (2 mg/mL, i.p.). We found that human C-peptide level peaked at 1 h PT in the control recipient serum samples and that AAT treatment attenuated the rapid release of C-peptide from the islet grafts (Fig. 6A) . The infusion of human islets triggered a substantial increase of plasma TAT, and in accordance with our data in the C57BL/6 mice, AAT significantly lowered plasma TAT levels in recipients (Fig. 6B) . Furthermore, we found that neutrophilic infiltration to the human islet grafts was blocked by AAT (Fig. 6C and D) . Immunohistochemistry showed reduced macrophage accumulation at the locations of islet grafts in the AAT-treated livers (Fig. 6E) , suggesting that AAT treatment protected human islet grafts from the damage of IBMIR.
AAT Reduces TF Expression and Inhibits Neutrophil Infiltration in a Human Islet In Vitro Miniature Tube Model
To further confirm the protective effects of AAT on human islets in IBMIR, we incubated human islets in vitro in NOD-SCID mouse blood for 15 min with constant disturbance. We observed less TF expression in islets pretreated with AAT for 2 h before the exposure to blood. Compared with islets cultured in medium, addition of AAT significantly decreased TF (Fig. 7A and  B) , without other exogenous stimulation, indicating that AAT suppresses TF expression not only under pathological stress, such as IBMIR, but also under relatively normal conditions like an in vitro culture. The exposure to blood induced a significant number of neutrophils Figure 6 -AAT reduces serum C-peptide and TAT levels and inhibits inflammatory cells infiltration to human islet grafts. A: Serum C-peptide levels in AAT-treated and control (Ctrl) recipients 1, 3, and 6 h PT as measured by ELISA. B: Change of plasma TAT levels in AAT and Ctrl mice. *P < 0.05, **P < 0.01 vs. Ctrl by two-way repeated-measures ANOVA, followed by Bonferroni correction. C: Less neutrophil infiltration was identified in AAT grafts compared with control grafts 6 h PT. Serial paraffin sections of an islet graft were stained with anti-insulin (left) and naphthol AS-D chloroacetate esterase staining (right). The dashed line illustrates islets with positive insulin staining, and arrowheads point to neutrophils. Scale bars = 100 mm. D: Number of neutrophils per islets in AAT and control mice (n = 20 per group) 6 h after islet transplant. E: Representative photomicrographs show more infiltrated macrophages surrounding Ctrl vs. AAT islet grafts as identified by staining with the anti-F4/80 antibody 6 h after islet transplantation. Green staining identifies macrophages, red staining identifies insulin + cells, and blue represents nuclei. *P < 0.05 AAT vs. Ctrl by Student t test.
infiltrating into human islets, with morphological damage. In contrast, the islets obtained from the AAT-treated group exhibited fewer neutrophils with preserved morphology (Fig. 7C and D) . Thus, AAT could inhibit TF expression and neutrophilic damage to human islets in a miniature tube assay.
AAT Suppresses JNK Phosphorylation in Human Islets In Vitro
To determine whether AAT inhibits JNK phosphorylation in human islets, islets were exposed to NOD-SCID mouse blood or a cytokine cocktail consisting of TNF-a, IL-1b, and IFNg. By immunohistochemistry, we observed that pretreatment of AAT significantly reduced p-JNK + staining after incubation with blood for 15 min (Fig. 8A and B) . In addition, cytokine-induced islet cell apoptosis, as detected by TUNEL at 72 h after stimulation, was significantly decreased by AAT pretreatment ( Supplementary  Fig. 2 ). Furthermore, AAT inhibited JNK phosphorylation in a dose-dependent manner in these samples at 15, 30, and 60 min of cytokine exposure (Fig. 8C) . These results confirmed that AAT could inhibit JNK phosphorylation in human islets.
DISCUSSION
More than half of transplanted islets may be lost in the immediate PT period (34) . Strong evidence shows that IBMIR is the major cause of early islet graft loss in autologous and in allogeneic islet transplantation. In this study, we found that AAT protects islet grafts from IBMIR-induced damage and thus improves the outcome of syngeneic intraportal islet transplantation in mice. We showed that AAT treatment significantly reduces the activation of coagulation and inflammation pathways in IBMIR. This leads to less islet cell death 24 h PT, prolongs islet graft survival, and improves islet function 60 days PT.
We demonstrate for the first time that AAT suppresses IBMIR in the intraportal islet transplantation model with both mouse and human islets. Previous studies have shown that AAT administration prolonged islet allograft survival when islets were transplanted under the kidney Figure 7 -AAT reduces TF expression and inhibits neutrophil infiltration to human islet in miniature tube assay. A: Reduced TF expression was observed in human islets (Hi) transplanted to AAT-treated recipients compared with controls 15 min after exposure to NOD-SCID blood. GM, growth medium. B: Relative fluorescence intensity of TF divided by intensity of insulin from the AAT or control (Ctrl) group. ImageJ software was used to measure three to nine islets in each group. More polymorphonuclear cell infiltrations were observed in Ctrl islets compared with AAT-treated islets as determined by naphthol AS-D chloroacetate esterase staining 15 min after exposure to NOD-SCID blood as measured by immunohistochemistry staining (C) and cell counting (D). Scale bars = 50 mm. More than 30 islets were counted in each group. *P < 0.05 AAT vs. Ctrl, ***P < 0.001 by Student t test.
capsule (13, 14, 17) . In the clinic, however, islets are infused to the patient's liver through the portal vein. The major difference between intraportal and subcapsular kidney islet transplantation is that IBMIR is only present in the former where islets are directly exposed to the recipients' blood circulation (19) .
A short-term AAT treatment on diabetic cynomolgus monkeys that underwent intraportal autologous islet transplantation improved blood glucose levels and preserved graft morphology at day 468 PT (16) . Given that IBMIR begins immediately after islet infusion and peaks in less than 3 h (18), our group focused on investigating the short-term effects of AAT with regard to the inhibition of coagulation and inflammation. We found that AAT significantly suppressed elevated plasma TAT levels, reduced TF expression, and reduced fibrin deposition within 6 h PT in recipients that received mouse or human islets. AAT also decreased circulating TNF-a levels and leukocyte infiltration in the islet grafts compared with the control group. All of these results translated into less islet cell damage and better blood glucose control 30 days PT in recipients treated with AAT. The evidence shows that AAT inhibits IBMIR, which results in improved outcome of intraportal islet transplantation in mice.
TF is produced and secreted by the endocrine cells of the islets. Exposure of islet cell-expressed TF to the recipient's blood circulation is thought to initiate IBMIR (6). The interaction of TF and factor VII results in the activation of the extrinsic pathway, leading to the rapid elevation of plasma TAT regularly seen in patients undergoing islet transplantation (18) . These thrombotic reactions cause fibrin deposition on islet grafts, as was observed in our experimental setting (28) . Therefore, methods that can suppress the thrombotic reaction become intriguing therapeutic strategies in the prevention of IBMIR. Currently, most centers use systemic administration of heparin to prevent blood clots in autologous and allogeneic islet transplantations. However, the potential therapeutic efficacy of heparin is largely limited by its short half-life and the risk of systemic bleeding complications. Furthermore, heparin only at a clinically used concentration has failed to prevent infiltration of CD11b + cells (28, 35) , indicating that additional anti-inflammatory reagents are needed. Indeed, in the Clinical Islet Transplantation 07 (CIT07) protocol, an extension of anticoagulation beyond the islet infusion procedure was adopted in combination with peritransplant administration of a TNF-a inhibitor, which contributed to improved islet engraftment in patients with T1D (36) .
Low-molecular-weight dextran sulfate (24) and a combination of Tirofiban and activated protein C (37) have also been tested in an ex vivo loop model and proved effective in ameliorating the thrombotic reaction in IBMIR. However, to date, neither of these treatment strategies has been reported. There is no current literature that describes the use of these treatments in the in vivo islet transplant model. To address the inflammatory reactions in IBMIR, Withaferin A, an NF-kB inhibitor, was applied in a miniature tube model and demonstrated significant inhibitory effects on cytokine secretion and neutrophil infiltration but no effect on elevated TAT level in the tube model (25) . In this study, we found that AAT markedly inhibited TF expression and suppressed elevated plasma TAT levels caused by IBMIR in addition to its inhibitory effects on inflammatory cell infiltration and cytokine release, both in mouse and human islets. Because AAT has well-established antiinflammatory effects in a large number of other studies (13, 17, 27, 38, 39) , we suspected that the effect was not specific to the coagulation cascade.
Cytokines produced by infiltrated leukocytes and endocrine islet cells in IBMIR play a crucial role in the destruction of islet grafts (17, 21, 30, 40) . Cytokine-induced b-cell failure and death are key events that lead to diabetes (41) . Cytokines rapidly activate stress-activated protein kinase/JNK, as well as other proinflammatory kinases. Prolonged and pronounced activation of JNK leads to b-cell death (42, 43) . According to our expression profile-based analysis, the mRNA level of Jun, which is the substrate of JNK, was significantly downregulated by AAT treatment. We hypothesized that inhibition of the JNK pathway served as one underlying mechanism of the protective effect of AAT on cytokine-induced b-cell death seen in our experimental setting of IBMIR and also in other models with T1D (12) and cytokine stimulation (13) . The data that AAT significantly suppressed cytokine-induced JNK phosphorylation and cell death and that blocking JNK phosphorylation showed similar protective effects of AAT indicated for the first time that AAT exerts its protective function via suppression of JNK phosphorylation in the intrahepatic islet transplantation model. Feng et al. (44) demonstrated that overexpression of AAT decreased hypoxia/reperfusion-induced p38 expression in human umbilical vein endothelial cells, supporting the hypothesis that normal AAT is able to regulate the intracellular mitogen-activated protein kinase pathway, in addition to its well-known protease inhibitor function.
This study has some limitations. By implicating multiple mechanisms by which AAT protects islets from short-and long-term injury and apoptotic death, we run the risk that these mechanisms may be interdependent. More elaborate experiments could determine which of the protective pathways has more effect than others. More work is also justified to determine whether AAT directly suppresses JNK activation or the upstream factors in the JNK pathway in islet b-cells. It is fitting and proper that this work be done in a human islet transplantation setting because the demonstrated benefits of AAT are strong and the toxicities of this medication to humans are minimal.
By careful examination of a number of cellular pathways, we have identified a critical mechanism by which AAT exerts protective effects in a mouse intrahepatic islet transplantation model. These data support the feasibility of using AAT in clinical islet transplantation and other cell therapies that involve IBMIR.
